Although imitation problems have been associated with autism for many years, the issue if these problems are a core deficit in autism remains subject of debate.
Introduction
Autistic disorder and related autism spectrum disorders (hereafter "autism") are neurodevelopmental disorders characterised by impairments in social interaction, in communication skills and in behaviour, which is restricted and repetitive. The onset of the impairment is before 3 years of age (American Psychiatric Association, 2000) .
One autism associated feature requiring more elucidation is problems in motor imitation (hereafter "imitation").
The DSM-IV-TR includes imitation problems among the diagnostic criteria of autism, but restricts these to a lack of social imitative play (American Psychiatric Association, 2000) . A clear picture of imitative abilities in individuals with autism is confounded by the heterogeneity of the clinical phenotype (Levy, Mandell, & Schultz, 2009) , the lack of a consistent and operational definition of imitation and the wide variability across the types of imitation tasks (Sevlever & Gillis, 2010) . The term imitation has many definitions. There are however two connotations in which it is most commonly used. The first defines imitation as the capacity of an individual to replicate an observed motor act. The observer's perception of the demonstrator's behaviour causes similar behaviour in the observer (Prinz, 2002) . The more unambiguous definition of imitation requires that a novel action be learned by observing another perform it. In addition to novelty, the imitation requires a means/ends structure. The observer copies the actors" means of achieving his result (Tomasello, Carpenter, Call, Behne, & Moll, 2005 ).
Imitation problems have been associated with autism for many years. Rogers and Pennington (1991) were the first to review these problems, examining seven studies. Their influential paper found strong evidence for the existence of a deficit affecting imitation of simple body movements, as well as imitation of actions with symbolic meaning. The authors suggested that imitation is one of the core neuropsychological deficits in autism, present very early in development, with possible cascading effects on social relations, interactions, and learning throughout the life span (Rogers & Pennington, 1991) . In the same period, Smith and Bryson (1994) carried out a review of 15 studies conducted up to that point. They concluded that children with autism might show different patterns of imitative deficit according to their functional level and that the imitation deficit, rather than being primary, might be secondary to more basic, non-social processing deficits (Smith & Bryson, 1994) . In 1999, Rogers carried out a further review of the most rigorously designed published experimental studies of imitation in autism and found again strong evidence supporting the existence of a primary imitation deficit in autism (Rogers, 1999) . In a comprehensive review Williams and colleagues (2004) identified 124 articles concerning autism and imitation up to March 2002. They reviewed in depth 21 experimental studies. When studies where chronological age and IQ were not controlled for were excluded, 12 studies remained. Only one of these studies did not report imitation problems in the autistic group when compared to controls. Williams and colleagues pooled the findings from these studies, involving 196 individuals with autism, using the Logit method. They calculated the combined p-value of group differences with respect to imitation problems to an appropriate control group, resulting in a pvalue of .00002 (Williams, Whiten, & Singh, 2004) .
To understand the nature of the imitation problems in autism, it is important to address the question if these problems are a core deficit in autism. A deficit is considered to be a core characteristic if it is unique to autism, specific and universal (Sigman, Dijamco, Gratier, & Rozga, 2004) . In addition, a deficit may fulfil the criteria of persistency (Hobson & Lee, 1999) , precedence (Rogers, 1999) and broadness. What follows is an incisive review of imitation studies in autism. This review is restricted to experimental studies of elicited imitative behaviour because in observational studies of spontaneous imitative behaviour ( [Bird et al., 2007] , [Knott et al., 2007] [Warreyn et al., 2005] ) or in parent reports (Thurm, Lord, Lee, & Newschaffer, 2007) conditions for eliciting imitation may differ with respect to motivation and attention. However, research findings consistently suggest that persons with autism imitate significantly better in a structured-elicited than in a naturalistic-spontaneous imitation condition ( [Ingersoll, 2008] , [McDuffie et al., 2007] , [McIntosh et al., 2006] and [Whiten and Brown, 1999] ).
Are imitation problems unique to autism?
The requirement that the deficit is unique leads to studies that compare the functioning of groups with autism to control groups with different disabilities and matched for age and level of development (Sigman et al., 2004) .
Findings from most case-control studies would appear to support the contention that imitation problems are unique to autism (see reviews of [Rogers and Pennington, 1991] , [Rogers, 1999] , [Smith and Bryson, 1994] and [Williams et al., 2004] ). The non-autistic comparison groups in these case-control studies consisted of persons with minimal brain damage MBD (DeMeyer et al., 1972) , language disorders ( [Bartak et al., 1975] , [Jones and Prior, 1985] , [Smith and Bryson, 1998 ] and [Stone et al., 1997] ), hearing impairment (Stone, Lemanek, Fishel, Fernandez, & Altemeier, 1990) , mental disability ( [Hammes and Langdell, 1981] , [Jones and Prior, 1985] , [Perra et al., 2008] , [Rogers et al., 2010] , [Roeyers et al., 1998 ], [Stone et al., 1990] , [Vanvuchelen et al., 2007a] and [Vanvuchelen et al., 2007b] ), developmental coordination disorders (DCD; [Dewey et al., 2007] and [Green et al., 2002] ), ADHD ( [Dewey et al., 2007] and [Ohta, 1987] ), DCD plus ADHD (Dewey et al., 2007) as well as healthy persons ( [Perra et al., 2008] , [Rogers et al., 2010] , [Stone et al., 1990] , [Stone et al., 1997] , [Vanvuchelen et al., 2007a] and [Vanvuchelen et al., 2007b] ).
The research group of Perra (2008) used an alternative method to investigate whether imitative tasks can be used to discriminate children with autism from chronological age-matched typically developing and older mentally delayed peers. They used discriminant function analyses to the performance of these groups on three imitation tasks and on tests of fine motor performance, motor planning, verbal ability and theory of mind. When differences in fine motor performance and verbal ability were accounted for, differences in the imitation tasks and the Theory of Mind test discriminated the autism group from the other groups. Further analyses revealed that inclusion of imitative tasks increased the specificity and sensitivity of autism classification and that imitative tasks considered alone were able to reliably discriminate the three groups (Perra et al., 2008) . However, the quality of a test to distinguish severely affected children, as children with autism are, from healthy children and children with a general mental delay, tells us nothing about the clinical utility of the test. Moreover, case-control study designs which compare the target condition with people who have clearly other disorders, overestimate the diagnostic utility of a test (Jaeschke, Guyatt, & Sackett, 1994) . The diagnostic utility of an imitation test to determine whether or not a patient has autism should be investigated in a random sample of the indicated population, i.e., patients suspected of autism. Vanvuchelen et al. (2010a) studied imitation aptitude in a referral sample of children suspected of autism with the use of a standardised imitation test. They found that preschoolers with non-spectrum developmental disorders who were previously suspected of autism were less retarded in procedural imitation, i.e., imitation of actions with objects, than preschoolers with confirmed autism, but the difference was only marginally significant (p-value of 0.054). The authors concluded that only a procedural imitation delay, and not a bodily imitation delay, that goes beyond the nonverbal mental retardation may be a significant predictor of autism (Vanvuchelen et al., 2010a) . Overall, there was some, but no clear evidence that imitation problems are unique to autism.
Are imitation problems specific in autism?
To establish the specificity of the deficit, research is carried out that contrasts different functions and abilities across groups, testing the hypothesis that some functions are deficient in the autism group while others are not involved, or that imitation problems are specific rather than being part of a general problem (Sigman et al., 2004) .
Results of Williams and colleagues" (2004) meta-analysis revealed that mental delay account for some impairment but by no means all of it (Williams et al., 2004) .
Another question related to the specificity criterion is if persons with autism have imitation problems regardless of their general motor problems? DeMeyer and colleagues (1972) suggested that the inability of a person with autism to imitate reflects a disturbance of the capacity to formulate and execute an intentional motor plan in spite of intact motor abilities. Jones and Prior (1985) suggested that persons with autism do not have much difficulty with imitation, but with generalised motor planning and execution. More recently, the research group of Mostofsky (2006) suggested that autism is associated with a generalised praxis deficit, rather than with a deficit specific to imitation (Mostofsky et al., 2006) . General motor problems are a well-recognised feature of autism. In a comprehensive review Fournier and colleagues (2010) identified 83 autism studies focused on motor coordination, arm movements, gait, or postural stability deficits. Data extraction involved between-group comparisons for autism and typically developing controls. Rigorous meta-analysis techniques determined a significant standardised mean difference effect equal to 1.20 (p < 0.0001). This large effect indicated substantial motor coordination deficits in the autism groups across a wide range of behaviours. The authors concluded that motor coordination deficits are an underlying cardinal feature of autism (Fournier et al., 2010) .
Several studies have examined the relationship between motor and imitation performances with the use of formal motor tests ( [Green et al., 2002] , [Perra et al., 2008] , [Rogers et al., 2003] , [Smith and Bryson, 1998 ], [Vanvuchelen et al., 2007a] , [Vanvuchelen et al., 2007b] and [Zachor et al., 2010] ). These studies demonstrated that the diagnosis of autism continued to be related to imitation, even after the variance associated with motor performance was removed. However, problems with formal motor tests are the imitative demands inherent in their instructions. Dzuik and colleagues (2007) investigated the association between dyspraxia and basic motor deficits in children with autism without mental impairment compared to typically developing peers without using of formal motor tests. Dyspraxia was defined as an impairment of skilled gestures, including gestures to imitation. Basic motor examination consisted of the evaluation of subtle neurological signs, which not rely on imitation abilities.
Children with autism had significantly more praxis problems and subtle neurological signs than typically developing peers. The total number of errors from the praxis examination was a significant predictor of total ADOS-G scores, even after controlling for basic motor abilities. For this reason, the authors concluded that dyspraxia in the autism group cannot entirely be accounted for by basic motor deficits. They speculated that basic motor impairments and impaired praxis performance, including imitation problems, may be epiphenomena in autism, i.e., that a common neurological abnormality contributes to both basic motor deficits and to dyspraxia observed in autism (Dziuk et al., 2007) . In contrast, in Zachor et al."s study (2010) imitation abilities of children with autism correlated significantly only with autism severity measures. Motor abilities did not correlate with imitation abilities nor with autism severity (Zachor et al., 2010) . To circumvent the possible influence of mental problems in children with autism, Vanvuchelen and colleagues (in pressa) used nonverbal mental age as a reference criterion. Imitation and motor delay were defined as an imitation and motor development below the expectation based on the child's nonverbal mental age. The authors used a standardised imitation scale, the Preschool Imitation and Praxis Scale (PIPS) (Vanvuchelen et al., 2010b) . The imitation age-equivalent scores of the PIPS offered the possibility to determine imitation delay in relation to the children's nonverbal mental age and to compare imitation delay directly with motor delay. In contrast to non-autistic controls, results of multiple linear regression analyses revealed that in children with autism, imitation delay was predicted by the children's fine motor delay in relation to their nonverbal mental abilities (Vanvuchelen et al., 2010a) . To summarise, we did not find full evidence that imitation problems are specific to autism. There is undoubtedly an overlap between mental, motor and imitation abilities. But, while mental and motor impairment may affect imitation performance, they do not seem to explain imitation problems in a sufficient way.
Are imitation problems universal in autism?
For the criterion of universality to be met, core deficits are expected to appear during at least one age period in all individuals with the diagnosis, regardless of the severity of autism (Sigman et al., 2004) . The meta-analysis of Williams and colleagues (2004) indicated that the size of the autism imitation problems is most apparent in younger age groups (Williams et al., 2004) .
The universality criterion has been explored in infants and toddlers with autism. Findings from analyses of prediagnostic home videotapes on symptom onset ( [Adrien et al., 1991] , [Adrien et al., 1993] , [Baranek, 1999] , [Osterling and Dawson, 1994] , [Osterling et al., 2002] and [Werner et al., 2000] ) and follow-up studies ( [Charman et al., 1997] , [Landa and Garrett-Mayer, 2006] , [Lord, 1995] , [Sullivan et al., 2007] , [Wetherby et al., 2004] and [Zwaigenbaum et al., 2005] ) suggest deviant imitative behaviour in infants and toddlers with autism compare to other developmental disabilities. However, results of Vanvuchelen et al."s study (2010a) in 68 children with autism between 1.9 and 4.5 years of age provide no evidence for a universal imitation delay in relation to the children's nonverbal mental age. Of all children, 72 percent had a bodily imitation and 69 percent a procedural imitation age below their nonverbal mental age. Although the imitation delay was most apparent in the group of children with an IQ above 100, analyses on individual level revealed that this was only true for 87 percent (bodily imitation), respectively 78 percent (procedural imitation) of these children (Vanvuchelen et al., 2010a) . In Rogers et al."s study (2010) , a combined group with earl-onset and regressive onset autism as a whole had more failures across the imitation tasks than the comparison group of typically developing and developmentally delayed preschoolers.
However, sub analyses revealed that these effects were primarily because of the regression onset group (Rogers et al., 2010) . Overall, at group level young children with autism show imitation problems. But, these problems seem not to be universal in autism at early age. There is a considerable variability in imitation performances within young children with autism. We could have expected this natural variation in imitation abilities, because autism is by definition, according to the polythetic-categorical concept of the DSM-IV-TR (American Psychiatric Association, 2000), a heterogeneous, behaviourally defined, neurodevelopmental disorder. Not all listed symptoms are necessary to consider autism in a specific individual. As a result, two different individuals who meet the criteria for autism may have no common symptoms (Krueger & Bezdjian, 2009 ). In addition, according to longitudinal and retrospective studies not all children with autism clearly exhibit abnormalities early in life. Up to 50% may display a typical development or only mild delays until 15-24 months of age, followed by loss of language, communication or social skills ( , and [Luyster et al., 2005] ).
Are imitation problems persistent in autism?
Findings of imitation studies in older individuals with autism support the criterion of persistency. Adolescents and adults with autism have subtle imitation problems ( [Freitag et al., 2006] , [Hobson and Lee, 1999] and [Rogers et al., 1996] ). They imitate the essential configuration of an action, but not the proper style, e.g., harsh versus gentle (Hobson & Lee, 1999) . Overall, data on this issue are scarce. Results of the above mentioned studies suggest that imitation problems in individuals with autism are long-lasting and persistent. However, long-term follow-up studies should be conducted to confirm this view.
Do imitation problems precede other autism features?
According to the criterion precedence, imitation problems should exist prior to the development of the symptoms which they are supposed to explain (Rogers, 1999) . Zwaigenbaum and colleagues (2005) provided the first evidence of imitation problems in infants prior to diagnosis of autism, suggesting that imitative deficits may precede development of the full syndrome. They followed infant siblings of children with autism from 6 months to items administered at the age of 1 year, along with several other indicators, predicted these 19 children at a pvalue of 0.003 (Zwaigenbaum et al., 2005) .
Longitudinal studies of young children with autism reveal that gestural imitation predicts the development of expressive language (Stone et al., 1997) , receptive language (Charman et al., 2003) or both ( [Stone and Yoder, 2001 ] and [Toth et al., 2006] ). On the other hand, findings from cross-sectional autism studies have demonstrated that concurrent language is predicted by several nonverbal behaviours, including imitation ( [Carpenter et al., 2002] , [Luyster et al., 2008] and [Toth et al., 2006] ). Thus at the moment findings about the precedence criterion of imitation problems in autism are conflicting and inconclusive.
Are imitation problems broad in preschoolers with autism?
The requirement that the deficit is broad rather than selective leads to studies that compare imitation performance on bodily and procedural imitation tasks. A core deficit should be present in both forms of imitation. The majority of imitation studies did ask individuals with autism to copy only bodily actions, e.g., facial expressions and gestural postures and movements. Virtually every study, except for two studies which were confounded by ceiling effects ( [Charman and Baron-Cohen, 1994] and [Morgan et al., 1989] ) has reported bodily imitation problems.
This includes studies that tap the full range of age groups and severity levels ( [Bartak et al., 1975] , [Dewey et al., 2007] , [Freitag et al., 2006] , [Green et al., 2002] , [Ham et al., 2008] , [Jones and Prior, 1985] , [Mostofsky et al., 2006] , [Ohta, 1987] , [Rogers et al., 1996] , [Smith and Bryson, 1998 ], [Smith and Bryson, 2007] , [Vanvuchelen et al., 2007a] and [Vanvuchelen et al., 2007b] ).
In contrast to bodily imitation, research on procedural imitation is less conclusive, varying from robust (Charman et al., 1997) , to moderate (Rogers et al., 2010) , to no procedural imitation problems in children with autism ( [Ingersoll et al., 2003] , [McDonough et al., 1997] and [Rogers et al., 2008] ). In some studies ( [Ingersoll et al., 2003 ], [McDonough et al., 1997] and [Rogers et al., 2008] ) the use of significantly younger typically developing controls may have given the participants with autism an advantage. The younger age of the typically developing children may have resulted in fewer opportunities for imitative learning and less exposure to demanding situations in general. In addition, the fact that some autistic children in the study of Ingersoll received structured imitation training before participation in the study may have improved their imitation ability (Ingersoll et al., 2003) .
In fact, only studies that investigate both bodily and procedural imitation in the same individuals with autism compared to appropriate controls have the potential to unravel the question if individuals with autism display broad or selective imitation problems. Research findings of these studies are inconclusive ( [Aldridge et al., 2000] , [Beadle-Brown and Whiten, 2004] , [Carpenter et al., 2002] , [DeMeyer et al., 1972] , [Hammes and Langdell, 1981] , [Libby et al., 1997] , [Rogers et al., 2003] , [Roeyers et al., 1998 ], [Stone et al., 1990] , [Stone et al., 1997] and [Vanvuchelen et al., 2010a] ). Several studies found neither bodily nor procedural imitation problems in children with autism ([Beadle-Brown and Whiten, 2004] and [Carpenter et al., 2002] ) or no procedural imitation problems, because their results were confounded by ceiling effects (Hammes & Langdell, 1981) . Most studies found that mentally impaired children with autism performed significantly poorer during bodily and procedural imitation than developmentally delayed controls ([DeMeyer et al., 1972] , [Roeyers et al., 1998 ], [Stone et al., 1990] and [Stone et al., 1997] ) and younger typically developing children ( [Stone et al., 1990] and [Stone et al., 1997] ). Group differences on bodily imitation were of a greater magnitude than these on procedural imitation ([DeMeyer et al., 1972] , [Roeyers et al., 1998 ] and [Stone et al., 1997] ). In contrast, the research group of Aldridge (2000) concluded that mentally impaired children with autism were poorer on bodily imitation, but better on procedural imitation than mental age-matched typically developing infants (Aldridge et al., 2000) . Rogers and colleagues (2003) found another pattern in children with autism compared to chronological and mental age-matched nonautistic controls. The children with autism showed impairments in facial and procedural imitation, but not in gestural imitation (Rogers et al., 2003) . Within group analyses in Vanvuchelen et al."s study (2010a) revealed clear bodily and procedural imitation delay in the children with autism. There was no evidence for a difference between bodily and procedural imitation delay (Vanvuchelen et al., 2010a) . Finally, the research group of Libby (1997) investigated imitation performances on pretended play acts with and without objects in children with autism, younger children with Down syndrome and younger typically developing children. While the autistic children were better than the other two groups on single-scheme procedural and bodily imitation tasks, they demonstrated specific difficulties on the multischeme tasks (Libby et al., 1997) . Overall, at the moment findings about the broadness criterion of imitation problems in autism are inconclusive.
Conclusion
A critical conclusion of the present literature review is that imitation problems are a less robust core deficit in autism than previously suggested ( [Rogers and Pennington, 1991] , [Rogers, 1999] , [Smith and Bryson, 1994] and [Williams et al., 2004] ). Findings of this review suggest that there is only partial evidence that imitation problems are unique, specific and broad to autism. The clear overlap between mental, motor and imitation abilities is well documented. Mental and motor impairment may affect imitation performance, but they do not appear to explain autism imitation problems in a sufficient way. Although data about the persistency criterion are scarce, autism imitation problems may be long-lasting and persistent. Further work is required to clarify this issue. Furthermore, there is some evidence that early imitation problems with several other indicators precede and predict the diagnosis of autism. Less evidence is found for the idea that imitation problems are universal in autism at early age.
Three recommendations for clinical practice can be made. First, the imitation abilities of all persons who are suspected of having imitation problems should be assessed. Imitation assessment may offer meaningful information about the future learning capacity of these persons and accordingly about their possible response to treatment and developmental outcome ( [Rogers et al., 2006] and [Sallows and Graupner, 2005] ). This is in contrast with most developmental tests, which investigate what children have achieved so far. Second, imitation abilities should be assessed in conjunction with the assessment of mental and motor competences. Third, imitation problems should be defined in accordance with the persons" mental age. This kind of dimensional data may advance the understanding of the phenotypic heterogeneity in autism. In addition, a better sample specification through ratings of imitation problems, may allow a more personalised clinical diagnosis and treatment of persons with autism. As no clearly defined behavioural or developmental intervention improved all symptoms for all individuals with autism, the clinical management should be guided by individual needs and availability of resources (Ospina et al., 2008) . The possibility to distinguish a person with imitation problems from one without imitation problems, may allow us to refer the appropriate person for appropriate intervention programs, such as imitation training programs.
